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1.1  Government and industry should establish a
national goal to reduce the aviation fatal accident
rate by a factor of five within ten years and conduct
safety research to support that goal.

1.2  The FAA should develop standards for
continuous safety improvement, and should target
its regulatory resources  based on performance
against those standards.

Background

QFAA and the aviation industry must develop a
strategic plan to improve safety, with specific
priorities based on objective, quantitative analysis
of safety information and data.

QGovernment should expand on their programs to
improve aviation safety in other parts of the world.

Additional Direction
From

Background
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Industry Government

Boeing
P&W*
RAA
FSF
IATA

AIA
Airbus
ALPA
APA
ATA

DOD
FAA
• Aircraft Certification
• Flight Standards
• System Safety
• Air Traffic Operations
• Research

NASA
ICAO
JAA

Background

Mission: Utilize Resources and leadership
within government and industry to develop
and focus an integrated, data driven
strategy to improve commercial aviation
Safety.

Background
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uCAST
uHistorical Data Consolidation

uThreat Definitions

uJoint Safety Analysis Team (JSAT)

uCausal Analysis

uIntervention Strategy  8/30/00

uJoint Safety Implementation Team (JSIT)
uImplementation Strategy

Background

Approve Training
Proposal

5 8.25d
1 / 2 / 9 6 1 / 1 2 / 9 6

Select Accident/ Incident
Sets

1 15d
10 /30 /95 11 /17 /95

Review Accident/ Incident
Repor ts

2 5d
10 /30 /95 1 1 / 3 / 9 5

Analyze Accident/ Incident
Repor ts

3 5d
1 1 / 6 / 9 5 11 /10 /95

Develop Prioritized
In te rven t i on Strategies

7 2h
1 / 1 0 / 9 6 1 / 1 0 / 9 6

Prepare D r a f t Repor t

6 3d
1 / 2 / 9 6 1 / 4 / 9 6

Revise Repor t

4 5d
11 /13 /95 11 /17 /95

Prepare Final Repor t

8 1h
1 / 1 1 / 9 6 1 / 1 1 / 9 6

Approve Final Repor t

9 1h
1 / 1 1 / 9 6 1 / 1 1 / 9 6

Select In te rven t i on
Strategies

10 1d
1 / 1 1 / 9 6 1 / 1 2 / 9 6

Implementation Strategy
              JSIT

5.

Safety Analysis Process
NTSB Accident
Incident Reports

21.3 Reports

Airclaims data
Historical

Data

NASDAC data

1.

Industry

FOQA data

  CAST

Turbofans Installed on part 25 Aircraft
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Level 3

2.

Pareto Plots
CAST

7.

Measuring Progress to Goal

6.

CAST
Coordinated Plan

Industry

Government

FAA
Safer

Skies

NASA
AvSP

JSAT 

4.

Intervention Strategy

3.
Causal Analysis
          

Combined
Threat

Threat

Cause

Accident

JSAT

CauseCause Cause
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Select highest

leverage

areas of

interest

CAST

JSAT

Initiate/
approve

JSAT

Agree on problems
and interventions

Achieve consensus on
priorities

Integrate into existing
work and distribute

CAST

Conduct
JSAT

analysis

Review/approve
JSAT
report

CAST

CAST

Initiate/
approve

JSIT

CAST

JSIT

CAST

CAST

Data Analysis Set Safety Priorities Implement Safety Enhancements

Initial
project

selection

JSIT

JSIT

Adjustments as
necessary

Conduct
JSIT Analysis

ID Immediate
Action(s)

Prepare initial
project proposals

JSIT

Immediate
Action

approval

Detailed project
plans

Immediate Action
specific plans

Final project
approval

Final Immediate
Action approval

Execute &
Monitor  progress

JSIT /
CAST

Initial project
approval

Immediate Action
initial approval

Preliminary
Project planning

IA preliminary
planning

3/99

8/99

6/00

9/00

          JSAT Progress Status in the CAST Process

Background

Cabin Safety

Passenger Seat Belt
use

Passenger Interference

Carry-on Baggage

Child Restraint

Background

Approach and Landing

Loss of Control

Turbulence

Uncontained 
Engine Failures

Runway Incursion

Commercial Aviation

Controlled Flight
 Into Terrain

Weather

General Aviation

Loss of Control

Pilot Decisionmaking

Weather

Survivability

Runway Incursion

Controlled Flight
 Into Terrain

Aviation Safety Program
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Q Build a Turbulence Team from Industry, Academia, and
Government to address requirements, approaches, and
solutions

Q Utilize the Commercial Aircraft Safety Team (CAST) to
determine requirements for Air Carriers

Q Address Air Carrier Issues with Technology Approaches
Combined with Rule-Making, and Improved Procedures

Q Address GA Issues with improved Weather Products
Disseminated through AWIN

Aviation Safety Program

NASA

Background

FAA Aircraft
Certification

Radar
Technology

LIDAR
Technology

Atmospheric
Aerosol Expertise

WindShear
Experience

UCAR

Test Bed
Aircraft

HSCT
Controls

LaRC/DFRC
Research/Flight

Assets

FAA Aviation
Weather
Program

Air Force
MANTECH

HSCT
ACLAIM

Coherent 
Technologies, 

Inc.

AeroTech
Research

NASA

Boeing

U of Ala.
Huntsville

NCAR

AlliedSignal
Collins

Private Industry
Academia

Government

Background
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Detection

Base Phase I

Forecasting/
Nowcasting

Encounter
Mitigation

Total 
AWIN Turbulence

Avoidance/
Strategic & Tactical

Capability &
Mitigation

Procedures

Flight Field Tests
with AWIN

Assess Current Products & 
Define Improvement Needs

Certifiable
Mitigation

Procedures

Improve Understanding of Turbulence Structure

Enhance Forecasting 
System for Strategic 

Flight Route Management

Assess sensor technologies

Develop Turbulent Tolerant
Flight Control Algorithm

AWIN Integrated
turbulence detection

product

AWIN Integrated
Turbulence

 Forecasting/Nowcasting
 Product

Test & Demonstrate
Flight Application

Define Hazard Metrics

Turbulence
Characterization

Assess Mitigation
Options

Requirements
(CAST)

FY 1998  1999  2000  2001  2002  2003  2004

Background

uPart 121: Weather Related Accident Causes or Factors
u(1989-1997)

u79.7
u1.6

u3.1

u1.6

u1.6

u3.1

u6.3

u3.1

uTurbulence:  79%
uVisibility/Ceiling:  1.6 %
uWinds:  3.1%
uWindshear:  1.6%
uDensity Altitude:  1.6%
uIcing:  3.1%
uPrecipitation: 6.3%
uThunderstorm:  3.1%

uPart 135: Weather Related Accident 
uCauses or Factors 
u(1989-1997)

u7.2
u36.8

u23.6

u1

u3.6

u6.7

u18.9

u2.4
uTurbulence:  7.2%
uVisibility/Ceiling: 36.8%
uWinds:  23.6%
uWindshear: 1.0%
uDensity Altitude: 3.6%
uIcing:  6.7%
uPrecipitation:  18.9%
uThunderstorm:  2.4%

uPart 137: Weather Related Accident Factors and Causes
u(1989-1997) 

u12.5
u6.3

u52.5
u2.5

u18.8

u5.6

u0

u12.5
uTurbulence:  12.5%
uVisibility/Ceiling:  6.3%
uWinds:  52.5%
uWindshear:  2.5%
uDensity Altitude:  18.8%
uIcing:  5.6%
uPrecipitation: 0.0%
uThunderstorm: 12.5%

uPart 91: Weather Related Accident Causes or Factors
u(1989 - 1997)

u8.5

u23.7

u43.3

u1.2

u6.3

u7.9
u6.8

u2.2

uTurbulence:  8.5%
uVisibility/Ceiling:  23.7%
uWinds:  43.3%
uWindshear:  1.2%
uDensity Altitude:  6.3 %
uIcing:  7.9%
uPrecipitation:  6.8%
uThunderstorm:  2.2%

u  NTSB Weather Related Accident Data from 1989-1997

     Turbulence Accident Assessment
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Altitude Distribution
1-10000ft 5
10k-20k ft 5
20k1-30k ft 10
30k-38k ft 16
38k-48k ft 4
>48k ft 0

01-04Z 8
05-08Z 4
09-12Z 2
13-16Z 5
17-20Z 10
21-00Z 15

Diurnal DistributionLocation Distribution
WARM OCEAN 7
NORTHWEST 5
SOUTHWEST 3
NORTH CENTRAL 6
SOUTH CENTRAL 7
NORTHEAST 6
SOUTHEAST 10

JANUARY        3 JULY                 8
FEBRUARY     1 AUGUST           4
MARCH         6 SEPTEMBER    2
APRIL              2 OCTOBER        3
MAY                3  NOVEMBER    3
JUNE               7 DECEMBER      2

Annual Distribution

Turbulence Accident Assessment

QConvective Storms (within and as far as 40
miles away from visible clouds in clear air)
QJet Stream (at confluence of multiple streams

and near boundaries)
QMountain Wave (upward propagating from

disturbances near the surface)

Turbulence Accident Assessment
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QTurbulence Costs
Q Leading Cause of In-Flight Injuries
Q Cost estimated at >$100M/yr. for airlines

QAdvanced warning may have an impact on
accident statistics
Q 84% of encounters had no crew warning
Q Seat-Belt Sign status had little effect on injuries - BUT a believable

warning may impact injuries
Q  In 64% of the encounters, the seat belt sign was ON
Q Keeping Passengers belted has little or no effect on Attendant Injuries (not

too surprising)  In 73% of the encounters Flight Attendants were injured

     Turbulence Accident Conclusions

QReliable Tactical Warning
QProvide timely warning to deviate or to institute cabin safety
measures
QProvide real-time alerts to AWIN network

QReliable Forecasting/Nowcasting
QCollaborate with FAA to provide improved
Forecasting/Nowcasting at useful resolutions for pre-takeoff
strategic turbulence avoidance planning

QEncounter Mitigation
QDevelop technology to reduce severity of turbulence
encounter experience

Requirements in Response to Accident Data Conclusions

Aviation Safety Program

NASA

Turbulence Accident Conclusions
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Q Upgrade Existing Installed Base
QWeather radar turbulence algorithm
Q Turbulence tolerant flight control system

Q Industry Buy-In
Q CAST requirements definition
Q Industry-based JSAT & JSIT groups

QMulti-Functional Technology
Q Lidar

Q ADS-B

Aviation Safety Program

NASA

Technical Approach - Technology Transfer

Turbulence Accident Conclusions

QMost solid-state digital radars have
turbulence detection capability with
limitations:
QLow  sensitivity; requires significant precipitation

for processing

QSubject to false indication in presence of ground
clutter

QManual operation only

QNo crew alerting capability

Technology
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Processed
 Turbulence
 Information

Display

RNG 80 MRK 20
WX 1.7

QBetter Threshold Tables Utilizing TAS, GS, BARO ALT Inputs
QIncorporate Generic Airplane Model for Hazard Threshold
QUse PWS Waveforms for Better Short Range Detection (<10nm)
QAutomatic Operation During Climb-Cruise-Descent
QAntenna Scan Transparent to Crew
QAdvisory/Caution Alerts for Better Crew Awareness

Airborne Wx Radar

- Wx

- Turbulence

- PWS

Improved
Turbulence
Processing

Technology

ADS-B Data

Uplinked Weather
Information (AWIN)

In-situ Data;
Temperature,
Wind, etc.

Potential other
sensor inputs:
•Passive IR
•Lidar

Airborne Wx Radar
Volumetric Scan

Information 

Turbulence 
Processing 

Processed
 Turbulence
 Information

RNG 80 MRK 20
WX 1.7

Display

Technology
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Range (nm)

100%

0%
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ADS-B

Up-Linked
Forecast

VHF

ADS-B

Mode-S

IR SensorLidar

InferencingDirect Measurement

Radar

Technology

RNG 80 MRK 20
WX 1.7

Long Range:
100-640 nmiles:
Strategic
Information

Advisory/Caution
Alerts

RNG 80 MRK 20
WX 1.7

Medium Range:
20-120 nmiles:
Avoidance
Information

Short Range:
3-20 nmiles:
Penetration
Information

RNG 80 MRK 20
WX 1.7

Warning Alerts

Technology
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uNear Term
uBoth Honeywell and Collins are developing
enhanced Turbulence upgrade detection to air
transport radar for certification in 2001

uLong Term
u Both Honeywell and Collins are looking at
integration of several technologies for turbulence
detection in 2003 and Beyond

Conclusions

Government
FAA 

“Safer Skies”
NASA

“AvSP”

Industry?

Conclusions
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Industry Working Group Needed To Establish Standards

Q Performance Standards
Q Turbulence Characteristics / Models
Q Acceptable POD - FAR Standards
Q Operational Expectations - i.e. Minimum Radar Reflectivity, Turbulence

Severity, etc

Q Cockpit-Crew Interfaces
Q Aural Alerts
Q Visual Alerts
Q Icon / Radar Displays

Q Flight Crew Actions

Conclusions

What’s Now???  BREAK !!!!


